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Sarcoidosis and tuberculosis have many clinical and laboratory similarities, which allowed researchers to assume
the presence of common pathogenetic mechanisms in the development of both diseases. Recently, much atten-
tion has been paid to investigate the autoimmune origins in these pathologies. The aim of this study is to find out
the characteristics of the autoinflammatory immune response in sarcoidosis and tuberculosis. In patients with
sarcoidosis (n = 93), tuberculosis (n = 28), and in healthy donors (n = 40), the serum anti-MCV concentration

was measured by ELISA, and B cell subpopulations were analyzed by flow cytometry. Based on the results ob-
tained, the formula ([B-naive%]\[B-memory%]) * ([B-CD38%] + [B-CD5%]) / [anti-MCV] was described. The
increase in the calculated index by more than 5 units with a sensitivity of 80.00% and a specificity of 93.10%
(AUC = 0.926) suggest the presence of the autoimmune component, which is more typical for sarcoidosis, rather
than tuberculosis patients and may serve as a diagnostic criterion.

1. Introduction

Sarcoidosis is a granulomatous disease of unknown etiology char-
acterized with noncaseating granulomas arising in various organs and
tissues, most often in the lungs, mediastinal lymph nodes, and skin [1].
Nowadays, more and more scientists consider the autoimmune origin of
this disease [2]. Infectious agents including Mycobacterium tuberculosis,
Propionibacterium acnes, Chlamydophila pneumoniae, viruses (HHV6 and

HHV8 herpes viruses, cytomegalovirus, retroviruses), mold [3], as well
as environmental triggers are considered to be the most likely etiologic
factors. The relationship between sarcoidosis and vaccination, long-term
exposure to inorganic dust, dyes, fertilizers, silicon implants as factors
triggering autoimmune inflammation has been also described [4-7].
M. tuberculosis appears to play a critical role. Association of
sarcoidosis with this infection has been allude with bacterial proteins
and their nucleic acids were described in sarcoid granulomas [8,9].

Abbreviations: Anti-MCV, antibodies to mutated citrullinated vimentin; ATS, American Thoracic Society; AUC, area under ROC curve; COPD, chronic obstructive
pulmonary disease; ERS, European Respiratory Society; MBT, M. tuberculosis; MSCT, multislice computed tomography; ROC, receiver operating characteristic; SD,
sarcoidosis; TB, tuberculosis; Th, T-helpers; WASOG, the World Association of Sarcoidosis and Other Granulomatous Diseases.
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These findings were also supported in studies of the humoral immune
response, which showed the presence of antimycobacterial antibodies in
the serum of patients [10-12]. The studies of the cellular immune
response, according to which lymphocytes with specific cytotoxicity to
mycobacteria were found in patients with sarcoidosis [13,14], as well as
results of the studies on the animal models of sarcoidosis [15] also
support this assumption.

Tuberculosis patients often have autoimmune complications, such as
Wegener’s granulomatosis, arthritis, and uveitis [16,17]. The possibility
of the autoimmune reactions development in tuberculosis has been
described in a variety of experimental studies indicating that myco-
bacteria induced an autospecific T-cell immune response [18-20]. The
presence of autoantibodies in tuberculosis patients has been reviewed
extensively in recent publications. Thus, high titers of antibodies to
cardiolipids, B2-glycoprotein, prothrombin, proteinase-3, neutrophil
cytoplasm [21], and cyclic citrulline peptides [22] have been described
in patients. Therefore, mycobacteria infection can induce autoimmune
processes. Recent research has shown vimentin to be one of the possible
autoantigens in sarcoidosis. Wahlstrom et al. identified vimentin auto-
antibodies and vimentin-specific T-cells in the bronchoalveolar fluid of
sarcoidosis patients [23]. The authors also described the relationship of
the HLA-DRB1*03 genotype with the production of these antibodies
[21]. Antibodies to vimentin modifications were also detected in
tuberculosis patients. According to the study, elevated titers of autoan-
tibodies to modified citrullinated vimentin were found in blood serum of
tuberculosis patients [24].

Several researchers have explained the development of autoimmune
inflammation in tuberculosis by the presence of the molecular mimicry
due to the similarity of immunogenic epitopes of bacteria and auto-
antigens, resulting in a cross-reaction and activation of T-lymphocytes
[25-27]. Despite the existence of possible mycobacterial antigens
involved in the cross-reaction (heat shock proteins Mtb-HsP60, Mtb-
HsP65, p36 protein, ESAT-6 protein, catalase (mKatG) [28], the bacte-
rial antigen with molecular similarity to vimentin has not been
described yet. Perhaps this reaction may be caused by vimentin
expressed by macrophages infected with mycobacteria. It has been
shown that in the oxidative stress and the presence of pro-inflammatory
factors there is an increase in vimentin expression activating the NKp46
receptor of natural killers. This results in the lysis of infected macro-
phages [29,30].

In addition to the autoantibodies in patients with sarcoidosis, typical
changes in B-cell populations are observed [31,32]. An increase in the
number of naive B-cells and a decrease in the number of memory B-cells
can be detected in granulomas [33,34], blood, and bronchoalveolar
fluid [29,30]. Similar changes have been revealed in some autoimmune
diseases, such as rheumatoid arthritis and granulomatous polyangiitis
[35,36]. The fact that rituximab appeared to be more beneficial in the
treatment of diverse clinical forms of the disease is probably one of the
confirmations of the active role of B-cells in the pathogenesis of
sarcoidosis [37,38].

In tuberculosis, signs of B-cells involvement in the pathogenesis of
the disease have also been described [39,40]. According to du Plessis
et al., a similar picture characterized by a decreased level of memory B-
cells and increased level of naive B-cells have been observed in tuber-
culosis patients in comparison with healthy subjects. In the treatment of
tuberculosis, not only the normalization of the ratio of naive B-cells and
memory cells, but also the changing of prevailing memory B-cells pop-
ulation from a switched class to a non-switched class is observed [41].

The aim of the study is to perform a search for the new diagnostic
criteria for the presence of autoimmune inflammation in sarcoidosis and
pulmonary tuberculosis based on the characteristics of the humoral
immune response with an assessment of the level of autoantibodies to
modified citrullinated vimentin and the characteristics of the distribu-
tion of B-cell subpopulations.
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2. Materials of the study

In 2015-2019 years, a prospective comparative study was per-
formed. Patient selection was performed at St. Petersburg Research
Institute of Phthisiopulmonology, St.-Petersburg «City Tuberculosis
Hospital N2 2» and St.-Petersburg “City Hospital N2 2”. The study was
approved by the independent Ethical Committee of the St. Petersburg
Research Institute of Phthisiopulmonology (extract from protocol N2
34.2 0of 01/19/2017) and the Local Ethical Committee of St. Petersburg
State University (protocol N2 01-126 06/30/17). The laboratory part of
the study was performed in the Laboratory of autoimmune diseases di-
agnostics of the First Saint Petersburg State Medical University.

Patients with pulmonary sarcoidosis (n = 93), pulmonary tubercu-
losis (n = 28) and healthy subjects (n = 40) were enrolled into a study
(Table 1). Healthy subjects did not claim any chronic diseases and were
not in the contact with tuberculosis patients.

The groups were comparable by gender and age. The exclusion
criteria were: a period of more than 2 years after the detection of X-ray
changes in the lungs, using immunosuppressive and anti-tuberculosis
therapy, plasmapheresis for less than 2 months from the date of inclu-
sion, the presence of HIV infection, syphilis, tumor diseases, decom-
pensated diabetes mellitus.

3. Methods of the study

All patients underwent a complex examination, including clinical
assessment, computed tomography (CT) of the chest, laboratory blood
tests, a standard set of tests for tuberculosis, histological verification of
the lungs lesions and intrathoracic lymph nodes (transbronchial and
thoracoscopic biopsy).

The diagnosis of pulmonary sarcoidosis was performed according to
the criteria of the American Thoracic Society (ATS), European Respi-
ratory Society (ERS) and the World Association of Sarcoidosis and Other
Granulomatous Diseases (WASOG). Criteria included typical radiolog-
ical changes (mediastinal lymphadenopathy, disseminated foci in lung
tissue); histological verification of lung lesions or intrathoracic lymph
nodes (detection of granulomas of epithelioid cells without caseous
necrosis and acid-resistant mycobacteria); the exclusion of other causes
of granulomatous changes, especially tuberculosis.

The diagnosis of pulmonary tuberculosis was established using
typical radiological changes (mediastinal lymphadenopathy, focal and
infiltrative changes with or without destruction); positive results of
tuberculosis tests (detection of M. tuberculosis (MBT) and/or MTB DNA
in sputum with molecular, genetic and bacteriological methods).

The study was approved by the independent ethical committee of the
St. Petersburg Scientific Research Institute of Phthisiopulmonology

Table 1
The clinical characteristics of patients with pulmonary sarcoidosis and
tuberculosis.

N (%) Sarcoidosis (n = Tuberculosis (n =
93) 28)

Men 40 (43.9%) 10 (57.5%)

Women 53 (56.1%) 18 (42.5%)

X-ray examination
Focal infiltrates in the lungs
Mediastinal lymphadenopathy

93 (100.0%)
76 (81.7%)

25 (100.0%)
11 (39.3%)

Complaints

Cough 36 (38.7%) 10 (35.7%)
Shortness of breath 24 (25.8%) 12 (42.8%)
Hyperthermia 35 (37.7%) 15 (53.6%)
Weight loss 21 (22.6%) 15 (53.6%)
Chest pain 7 (7.5%) 8 (28.5%)
Immunologic test ELISPOT

Positive 9 (9.8%) 24 (85.7%)
Negative 84 (90.2%) 4 (14.3%)
Sputum + biopsy specimen microscopy 0 28 (100.0)

for MBT (positive)
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(extract from protocol No. 34.2 of 01/19/2017) and the Local Ethics
Committee of St. Petersburg State University (protocol No. 01-126 06/
30/17).

3.1. The antibodies level studies

In the serum of patients with sarcoidosis (n = 93), tuberculosis (n =
28), and the control group (n = 40), the level of antibodies to the
modified citrullinated vimentin (anti-MCV) was determined using ELISA
(ORGENTEC, Germany). All measurements were performed using a BIO-
TEK ELx800 ELISA spectrophotometer. A positive result associated with
the detection of these antibodies level was considered to be more than
19.5 U/ml.

3.2. Immunotyping

The preparation of peripheral blood samples and tuning of the flow
cytofluorimeter was performed by the technique described by S. Khai-
dukov et al. [42]. The selection of optimal antibody-fluorochrome pairs
was performed in accordance with the principles described elsewhere
[43]. To identify main B-cell subsets, 200 pul of whole EDTA-stabilized
peripheral blood was stained for surface antigens using the following
combination of monoclonal antibodies conjugated with fluorochromes:
Anti-IgD Alexa Fluor 488 (clone IA6-2, isotype - Mouse 1gG2a, ), anti-
CD38 PE (clone LS198-4-3, isotype Mouse IgG1l), anti-CD27 PC7
(clone 1A4CD27, isotype Mouse IgG1l), anti-CD24 APC (clone J3-119,
isotype Mouse IgGl), anti-CD19 APC / Cy7 (clone HIB19, isotype
Mouse IgG1, «), anti-CD5 Pacific Blue (clone BLla, isotype Mouse
IgG2a) and anti-CD45 Krome Orange (clone J33, isotype Mouse 1gG1).
IgD and CD19 were from BioLegend, Inc. (USA). Antibodies to CD38,
CD27, CD24, CD5, and CD45 were from Beckman Coulter, Inc. (USA).

After incubation with antibodies at room temperature in the dark for
15 min, red blood cells were lysed with 2 ml of VersaLyse Lysing Solu-
tion (Beckman Coulter, Inc., USA) supplemented with 50 pl of IOTest 3
Fixative Solution (Beckman Coulter, Inc., USA) for 15 min. Next, the
samples were washed twice (7 min at 330 g) with phosphate-buffered
saline (PBS) supplied with 2% heat inactivated fetal bovine serum
(Sigma-Aldrich, USA), the resulting cell pellet was resuspended in 0.5 ml
of fresh PBS containing 2% neutral buffered formalin solution (Sigma-
Aldrich, USA). Samples were analyzed using a Navios flow cytometer
(Beckman Coulter, Inc., USA) equipped with 405, 488 and 638 nm la-
sers. For each of the samples, at least 10,000 CD19+ lymphocytes were
analyzed. Gating strategy was described previously [42]. The data ob-
tained were analyzed using the Kaluza software (Beckman Coulter, Inc.,
USA). Finally, memory B-cells (IgD-CD27+), naive (IgD + CD27-) and
B-regulatory cells (CD24+++CD38+++ and CD5 + CD27-) were
identified.

3.3. Statistical processing of results

Statistical analysis was performed using GraphPad Prism 6 (Graph
Pad Software, USA), Statistica 10 (Statsoft, USA) using Mann-Whitney
criterion, Spearman statistical analysis. ROC analysis was used to
determine the diagnostic significance of the results. The differences were
considered statistically significant at a p level of less than 0.05, diag-
nostically significant at AUC > 0.80.

4. Results
4.1. Testing the level of antibodies to modified citrullinated vimentin

The level of anti-MCV was analyzed in 93 patients with sarcoidosis,
28 patients with tuberculosis and 40 healthy subjects, the results are
presented in Table 2.

According to the data described in Table 2, an increased anti-MCV
level was found in 40.9% (38/93) of sarcoidosis patients and in 60.7%

Clinical Immunology xxx (xxxx) XXX

Table 2
The results of the anti-MCV level testing in the study groups.
Study Groups Results of anti-MCV testing CI 95%
An increased Absolute value
level Med (Q25;
n/% Q75)
Sarcoidosis, n = 93 42.2 16.60 17.0-23.89
(38/93) (10.73;24.19)
Tuberculosis, n = 28 60.7 21.13* 19.17-27.61
(17/28) (16.50;26.96)
Healthy subjects (control 7.5 6.47 5.82-10.65
group), n = 40 (3/40) (2.66;11.25)

(17/28) of tuberculosis patients. The statistically significant difference
was found between the two groups (Mann-Whitney criterion, p =
0.027). A high anti-MCV concentration was also determined in 7.5% (3/
40) of cases in the group of healthy subjects. Mann-Whitney analysis
revealed a statistically significant difference between the sarcoidosis and
tuberculosis groups in comparison with the control group (p < 0.0001
for both groups) (Fig. 1).

In order to identify new criteria for determining the level of anti-
MCV, ROC analysis was performed. According to the ROC analysis,
reference values of the anti-MCV level (AUC > 0.8, p < 0.0001) can be
determined for patients with sarcoidosis and tuberculosis in comparison
with the control group: 12 units/ml with a diagnostic sensitivity of 77%,
specificity of 70% for patients with sarcoidosis, 14 units/ml with a
diagnostic sensitivity of 92%, specificity of 88% for patients with
tuberculosis. However, no diagnostically significant difference between
the two groups was described (AUC <0.8).

4.2. Immunophenotyping tests

An analysis of B-cell populations in the study groups was performed.
The most significant B-cell subsets were revealed in comparison with the
healthy control group. According to the classification of B-cells by the
presence of IgD and CD27, B-cells were divided into “naive” and mem-
ory B-cells.
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Fig. 1. Distribution of Anti-MCV concentrations in study groups.
* - p < 0.05 - comparison between sarcoidosis and tuberculosis groups.

“* - p < 0.0001 - comparison between sarcoidosis and the control group,
between tuberculosis and the control group.
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4.2.1. “Naive” IgD + CD27- B-cells

It has been shown that in patients with sarcoidosis and tuberculosis,
the number of “naive” B-cells were higher than in healthy donors. The
results of “naive” B-cells measurement are presented in Fig. 2.

According to the Mann-Whitney test, the level of “naive” B-cells in
sarcoidosis patients is significantly higher as compared with healthy
donors (p < 0.0001) and tuberculosis patients (p = 0.015). The level of
“naive” B-cells in tuberculosis patients is also significantly higher than
the number of “naive” B-cells in control group (p = 0.007) (Fig. 2).

According to the ROC analysis results, in comparison with the con-
trol group, diagnostically significant results were obtained for sarcoid-
osis patients alone (AUC = 0.819, p < 0.0001). For this group, the
reference value for “naive” B-cells number was 70% with diagnostic
sensitivity of 76%, specificity - 70%. There was no diagnostically sig-
nificant difference between the sarcoidosis and tuberculosis groups.

4.2.2. IgD-CD27+ memory B-cells

The level of memory B-cells in patients with sarcoidosis and tuber-
culosis appeared to be lower than in the control group. The results of
memory B-cells analysis are presented in Fig. 3.

According to the Mann-Whitney test, the levels of memory B-cells in
sarcoidosis and tuberculosis groups were significantly lower than in
healthy controls (p < 0.0001 and p = 0.007, respectively). Furthermore,
the significant difference was also found between sarcoidosis and
tuberculosis groups (p = 0.005).

Using the ROC analysis, diagnostically significant results were
determined only for sarcoidosis patients as compared with the control
group (AUC = 0.819). In patients with sarcoidosis, the level of memory
B-cells was below 30% with a diagnostic sensitivity of 76% and a
specificity of 70%. There was evidence of significant difference between
sarcoidosis and tuberculosis groups. By labeling the antigens CD24,
CD38, CD5, CD27, group B of regulatory cells was determined, in which
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Fig. 2. Distribution of “naive” IgD + CD27- B-cells level among study groups.
* - p < 0.05: between sarcoidosis and tuberculosis.

** . p < 0.01: between tuberculosis and healthy subjects.

“* - p < 0.0001: between sarcoidosis and healthy subjects.
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memory IgD-CD27+
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Fig. 3. Distribution of the level of IgD-CD27 + memory B-cells among study
groups.

** - p < 0.01: between sarcoidosis and tuberculosis, between tuberculosis and
control.

*#k% - p < 0.0001: between sarcoidosis and control.

CD24+++CD38+++ B cells and CD5 + CD27- cells were isolated.

4.2.3. CD24+++CD38+++ B-cells

The level of CD24 +++ CD38 +++ B-cells was elevated in patients
with sarcoidosis and tuberculosis in comparison with the control group.
The results of measuring the level of CD24 +++ CD38 +++ B-cells are
presented in Fig. 4.

The Mann-Whitney test showed a significant increase in
CD24+++CD38-+++ B cells patients with sarcoidosis and tuberculosis
as compared with healthy donors (p < 0.0001 in both cases). There was
no significant difference between patient groups with sarcoidosis and
tuberculosis.

According to the ROC analysis, a diagnostically significant increase
in CD24 +++ CD38 +++ B cells regarding healthy individuals was
found only in patients with sarcoidosis (AUC = 0.904), the reference
value was 6.52% with a diagnostic sensitivity of 91%, specificity of 88%.
There was no significant difference between the groups of sarcoidosis
and tuberculosis.

4.2.4. CD5 + CD27- B cells
An increase in CD5 + CD27- B-cells levels of regarding healthy in-
dividuals was found in sarcoidosis and tuberculosis groups. The results
of measuring the level of CD5 + CD27-B-cells are presented in Fig. 5.
According to the Mann-Whitney test, the level of CD5 + CD27- B-
cells appeared to be higher in sarcoidosis patients as compared with
healthy donors (p < 0.0001) and tuberculosis patients (p = 0.001).
The ROC analysis revealed a diagnostically significant increase in
CD5 + CD27-B -cells regarding the control group of more than 12.45%
for sarcoidosis patients (AUC = 0.795) with a diagnostic sensitivity of
76%, specificity of 80%. There was no evidence of diagnostically sig-
nificant difference between the sarcoidosis and tuberculosis groups.
Thus, according to the ROC analysis of a significant difference in the
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Fig. 4. Distribution of the level of CD24 +++ CD38 +-++ B-cells among study
groups.

*#% . p < 0.005: between tuberculosis and control group.

*##% - p < 0.0001: between sarcoidosis and control group.
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Fig. 5. Distribution of the level of CD5 + CD27- B-cells among study groups.
** . p < 0.01: between sarcoidosis and tuberculosis.
**#% - p < 0.0001: between sarcoidosis and control group.
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level of anti-MCV, the number of “naive” IgD + CD27-B-cells, IgD-CD27
+ memory B-cells, CD24 +++ CD38 +++ B-cells, CD5 + CD27-B-cells
was not found. A comprehensive analysis of the data was performed in
order to establish a diagnostic index.

The search for a comparative index has shown that when using the
formula (1) with a sensitivity of 80.00% and specificity of 93.10% the
obtained index of more than 5 units (from 3.8 and more for sarcoidosis;
0.2-18 for tuberculosis) indicates a high probability of the presence of
sarcoidosis (AUC = 0.926).

Bnaive ,(CD38 — Bcells) + (CD5 — Beells)
[anti — MCV]

Ds =
s Bmemory

€8]

(B-naive \ B-memory) is the index of the humoral immune response
activity;

(CD38-B-cellls + CD5-B-cells) - the total number of regulatory B cells
(11-10 synthesis);

[anti-MCV] - the concentration of anti-MCV, characterizing the
presence of autoimmune reactions.

5. Discussion

An increased level of autoantibodies to citrullinated modified
vimentin is descrined both in sarcoidosis and tuberculosis patients (p <
0.0001) suggesting the presence of autoimmune inflammation in both
diseases.

The presence of high concentrations of autoantibodies to MCV may
be explained by the high immunogenicity of this antigen. Vimentin is a
protein of connective tissue and can be found in many cells. The
development of autoimmune processes against citrullinated vimentin is
described in rheumatoid arthritis, systemic lupus erythematosus, and
other autoimmune diseases [44]. The processes of citrullination are
known to be necessary for the arginine-containing proteins elimination
(vimentin, fibrin, and others) by macrophages [45,46]. However, in
chronic inflammation, permanent tissue damage occurs, which results in
an increase in calcium concentration and hyperactivation of peptidyl-
arginine deaminase, an enzyme involved in protein citrullination [47].
For the carriers of the HLA-DRB1 genotypes, this process contributes to
the activation of autoimmune reactions against citrullinated peptides
[48]. A similar process has been described in the pathogenesis of
rheumatoid arthritis and chronic pulmonary diseases, in which high ti-
ters of antibodies to citrulline proteins are found in patients [45].

According to our previous work, high anti-MCV titers were not
detected in alveolitis and polyangiitis [24]. Taking into account that
there was no diagnostically significant difference in the anti-MCV levels
in both sarcoidosis and tuberculosis, and that the reference level of anti-
MCV for both groups was less than the recommended value for the
diagnosis of rheumatoid arthritis, it can be suggested that in tuberculosis
infection an autoimmune inflammation against vimentin antigen could
exist, which, under certain conditions, can become systemic and result
in the formation of sarcoid granulomas. Determination of anti-MCV
levels over 12 units/ml may allude granulomatous inflammation in
the lungs, but, the testing of this biomarker alone can’t be applied for the
differentiation diagnosis between tuberculosis and sarcoidosis.

Immunophenotyping analysis has shown that patients with tuber-
culosis and sarcoidosis had reduced level of memory B-cells, an
increased number of “naive” B-cells and CD24 +-++ CD38 +++ B-cells
in comparison with healthy controls. Moreover, in sarcoidosis patients
the memory B-cells level was considerably lower while the level of
“naive” B-cells was higher than in tuberculosis patients.

In sarcoidosis patients, the level of CD5 + CD27- B cells was statis-
tically higher than in blood samples from both healthy individuals and
tuberculosis patients.

Alterations in B-cell subsets may be closely related to the inflam-
matory reactions. This is an essential part of foreign antigen elimination.
However, it remains unclear what cells characteristics may indicate the
presence of an autoimmune process.



A. Malkova et al.

According to our data, in sarcoidosis and tuberculosis patients, there
was an increase in “naive” B-cells and a reduction in memory B-cells
numbers, though, the imbalance of memory B-cells and “naive” B-cells
in sarcoidosis patients was more pronounced, and it was confirmed by
statistical analysis. Similar results were obtained in the study of chronic
sarcoidosis [32] and active forms of tuberculosis [41]. According to the
data of du Plessis et al., the described changes in B-cell subsets were
found only in tuberculosis patients in comparison with other lung dis-
eases (viral or bacterial pneumonia, bronchiectasis, asthma, COPD),
which did not statistically differ from the group of healthy individuals
[41]. According to O’Shea et al., during active tuberculosis, a decrease
in memory B-cells was detected, while the frequency of “naive” B-cells
was unaltered [49]. Impaired memory and “naive” B-cells distribution
has been described in some autoimmune diseases [35,36].

Taking into account the absence of changes in the ratio of memory
and “naive” B-cells in other pulmonary diseases, it can be postulated that
such changes may develop in diseases in which granulomatous inflam-
mation plays an important role. This is typical of some infectious and
autoimmune diseases.

Analysis of CD24+++CD38++-+ B-cells has revealed their increased
levels in patients with sarcoidosis or tuberculosis versus healthy con-
trols, though there was no significant difference between those two
patient groups. It is known that CD24+++CD38-++ B-cells represent a
population of immature transitional B-cells that perform various regu-
latory functions [50]. One of their main characteristics is the ability to
synthesize the anti-inflammatory cytokine IL-10 [51]. Many studies
have shown that B-cells producing IL-10 could inhibit the activity of self-
specific CD4 + T-cells [52]. A decrease in CD24+++CD38+++ B-cell
levels was found in patients with rheumatoid arthritis, which allowed
investigators to confirm the role of CD24+++CD38+++ B-cells in
preventing autoimmune reactions [53]. However, an increase in the
level of these cells was noted in primary Sjogren’s syndrome and sys-
temic lupus erythematosus [54], as well as in patients with an active
phase of sarcoidosis [31]. According to Blair, in patients with systemic
lupus erythematosus there were lower levels of CD38"'CD24™™ and
CD24++-+CD38-B-cells while the level of CD24+++CD38+++ — cells
was increased [51]. Probably, the distribution disorder of those B-cells
indicates the activation of a compensatory anti-inflammatory response
in infectious and autoimmune diseases. In autoimmune processes an
activation of immune system might be replaced by decompensation,
characterized by a decrease in the level of these cells.

There is no evidence of data explaining CD24-+++CD38-B-cells al-
terations during inflammatory processes in infectious diseases.

Interesting results were obtained when comparing CD5-expressing B-
cells. CD5-expressing B-cells also refer to regulatory B-cells capable of
synthesizing IL-10. They can be found in a variety of human tissues.
Moreover, CD5+ B-cells are capable of producing autoantibodies
(including rheumatoid factor and antibodies against ssDNA), and the
number of CD5+ B-cells increases in autoimmune diseases such as
rheumatoid arthritis and Sjogren’s syndrome [55,56]. The ability of cells
to produce autoantibodies was revealed in mouse model. It was shown
that CD5-expressing B-cells belonging to a subpopulation of Bla, which
is usually localized in the abdominal cavity, produce low-affinity IgM
antibodies with autoreactive specificity [57]. In addition, IL-10 syn-
thesized by CD5+ B-cells takes part in the control of autoimmune re-
actions in the experimental encephalomyelitis in mice [58]. In humans,
CD5 is found on the cell membrane of transient CD24+++CD38++ T1
B-cells [59], but according to recent studies, these cells produce a
relatively low level of IL-10 as compared to other transient B-cell subsets
[54]. There is evidence that CD5 can be considered as a marker of
activation of B-cells in humans, and CD5 negative human B-cells can be
activated in vitro by incubation with phorbol or thymoma EL4 cells,
followed by the appearance of CD5 molecules on their membrane [60].
According to Zhang et al., elevated levels of CD5-expressing B-cells can
also be detected in tuberculosis patients. At the same time, the ability of
these cells to inhibit Th17 activity has been shown [61].
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Our study has revealed a statistically significant increase in the
number of B-cells with the CD5 + CD27- phenotype only in sarcoidosis
patients. Currently, it is difficult to explain the absence of differences in
the levels of CD5 + CD27- B-cells in patients with tuberculosis and
healthy individuals, perhaps the results obtained are related to a small
sample size.

According to the ROC analysis of immunophenotyping results, there
were no diagnostically significant findings for the differentiation of
sarcoidosis and tuberculosis, however, a tendency to more pronounced
changes in the level of B-cells in patients with sarcoidosis is evident.

Our study showed the presence of autoimmune processes in
sarcoidosis and tuberculosis, namely, an increase in anti-MCV more than
14 U/ml, an increase in “naive” B-cells and a decrease in memory B-cells,
an increase in CD24 ++ + CD38 +++ B-cells. The mathematical for-
mula was developed according to which, with an increase in the index of
more than 5 units, the presence of sarcoidosis is more likely, which may
reflect a more significant autoimmune inflammation in sarcoidosis
compared with tuberculosis.

6. Conclusion

Sarcoidosis and tuberculosis have similar immunologic changes
considering the possible presence of autoimmune inflammation and are
characterized by an increase in anti-MCV more than 14 U/ml, an in-
crease in “naive” B-cells and a decrease in memory B-cells, an increase in
CD24 +++ CD38 +++ B- cells.

Application of the formula with a sensitivity of 80.0% and a speci-
ficity of 93.10% suggests the presence of sarcoidosis with an increase in
the calculated index by more than 5 units (AUC = 0.926). The resulting
indicator may show that changes in B-cell subpopulations has autoim-
mune origin and are specific to sarcoidosis.

To confirm the diagnostic significance of the described criteria, it is
necessary to perform studies on the application of the described formula,
determining an increase in the level of anti-MCV more than 14 U ml, a
change in the ratio of memory and “naive” B cells, an increase in the
number of CD24 +++ CD38 ++-+ B cells in groups of patients with
various autoimmune and granulomatous diseases, which will make it
possible to determine more accurate and specific values for the differ-
ential diagnosis of sarcoidosis and tuberculosis, that has great practical
application.

Ethics approval and consent to participate

The study was approved by the independent ethical committee of the
St. Petersburg Scientific Research Institute of Phthisiopulmonology
(extract from protocol No. 34.2 of 01/19/2017) and the Local Ethics
Committee of St. Petersburg State University (protocol No. 01-126 06/
30/17).
Consent for publication

“Not applicable”
Availability of data and material

The data will not be shared with a reason.
Funding

This work is supported by the grant of the Government of the Russian
Federation for the state support of scientific research carried out under

the supervision of leading scientists, agreement 14.W03.31.0009, on the
basis of SPbU projects 15.34.3.2017 and 15.64.785.2017.



A. Malkova et al.

Declaration of Competing Interest

“The authors declare that they have no competing interests.”

Acknowledgments

This work is supported by the grant of the Government of the Russian
Federation for the state support of scientific research carried out under
the supervision of leading scientists, agreement 14.W03.31.0009, on the
basis of SPbU projects 15.34.3.2017 and 15.64.785.2017.

References

[1]

[2]

[31

[4

=

[5]

[6

—

71

[8]

[9

—_

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

B. Farheen, S.F. Azfar, I. Ahmad, Sh. Yasmeen, S. Kirmani, Diagnostic difficulties in
differentiating sarcoidosis from tuberculosis, Oman Medical Journal. 26 (3) (2011)
210-211, https://doi.org/10.5001/0m;j.2011.53.

A.A. Starshinova, A.M. Malkova, N.Y. Basantsova, Y.S. Zinchenko, 1.

V. Kudryavtsev, G.A. Ershov, L.A. Soprun, V.A. Mayevskaya, L.P. Churilov, P.

K. Yablonskiy, Sarcoidosis as an autoimmune disease, Front. Immunol. 10 (2020)
2933, https://doi.org/10.3389/fimmu.2019.02933.

D.R. Moller, B.A. Rybicki, N.Y. Hamzeh, C.G. Montgomery, E.S. Chen, W. Drake, A.
P. Fontenot, Genetic. immunologic, and environmental basis of sarcoidosis,

J Thorac soc 14 (supplement 6) (2017) 429-436, 10.1513%2FAnnalsATS.201707-
5650T.

S. Bindoli, A. Dagan, J.J. Torres-Ruiz, C. Perricone, M. Bizjak, A. Doria,

Y. Shoenfeld, Sarcoidosis and autoimmunity: from genetic background to
environmental factors, Isr. Med. Assoc. J. 18 (3-4) (2016) 197-202.

M.D. Rossman, B. Thompson, M. Frederick, M.C. lannuzzi, B.A. Rybicki, J.

P. Pander, HLA and environmental interactions in sarcoidosis, J Sarcoidosis vasc
diffuse lung dis. 25 (2008) 125-132.

A. Watad, V. Rosenberg, S. Tiosano, Silicone breast implants and the risk of
autoimmune/rheumatic disorders: a real-world analysis, Int. J. Epidemiol. 47 (6)
(2018) 846-1854, https://doi.org/10.1093/ije/dyy217.

F. Miro-Mur, I. Hindie, R. Kandhaya-Pillai, Medical-grade silicone induces release
of proinflammatory cytokines in peripheral blood mononuclear cells without
activating T cells. J, Biomed Mater Res B Appl Biomater. 90 (2) (2009) 510-520,
https://doi.org/10.1002/jbm.b.31312.

E.A. Moscovic, Sarcoidosis and mycobacterial 1-forms: a critical reappraisal of
pleomorphic chromogenic bodies (hamazaki corpuscles) in lymph nodes, Pathol.
Annu. 13 (1978) 69-164.

D. Gupta, R. Agarwal, A.N. Aggarwal, S.K. Jindal, Molecular evidence for the role
of mycobacteria in sarcoidosis: a meta-analysis, Eur. Respir. J. 30 (2007) 508-516,
https://doi.org/10.1183/09031936.00002607.

F.A. El-Zaatari, S.A. Naser, D.C. Markesich, D.C. Kalter, L. Engstand, D.Y. Graham,
Identification of Mycobacterium avium complex in sarcoidosis, J. Clin. Microbiol. 34
(9) (1996) 2240-2245.

A. Dubaniewicz, G. Moszkowska, Z. Szczerkowska, Frequency of DRB1-DQB1 two-
locus haplotypes in tuberculosis: preliminary report, Tuberculosis (Edinb). 85 (4)
(2005) 259-267, https://doi.org/10.1016/j.tube.2004.12.003.

S.C. Ang, E.A. Moscovic, Cross-reactive and species specific mycobacterium
tuberculosis antigens in the immunoprofile of Schaumann bodies: a major clue to
the etiology of sarcoidosis, J Histol histopathol. 11 (1) (1996) 125-134.

Z. Song, L. Marzilli, B.M. Greenlee, E.S. Chen, R.F. Silver, F.B. Askin, A.S. Teirstein,
Y. Zhang, R.J. Cotter, D.R. Moller, Mycobacterial catalase-peroxidase is a tissue
antigen and target of the adaptive immune response in systemic sarcoidosis, J. Exp.
Med. 201 (2005) 755-776, https://doi.org/10.1084/jem.20040429.

W.P. Drake, M.S. Dhason, M. Nadaf, B.E. Shepherd, S. Vadivelu, R. Hajizadeh, L.
S. Newman, S.A. Kalams, Cellular recognition of Mycobacterium tuberculosis esat-6
and katg peptides in systemic sarcoidosis, Infect Immun 75 (2007) 527-530,
10.1007%2Fs10875-009-9311-y.

Y. Hu, B. Yibrehu, D. Zabini, W.M. Kuebler, Animal models of sarcoidosis, J Cell
Tissue Res. 367 (3) (2017) 651-661, https://doi.org/10.1007/s00441-016-2526-3.
P. Elkington, M. Tebruegge, S. Mansour, Tuberculosis: an infection-initiated
autoimmune disease? Trends Immunol. 37 (12) (2016) 815-818, 8, https://doi.
org/10.1016/j.it.2016.09.007.

F.M. Ribeiro, T. Goldenberg, Mycobacteria and autoimmunity, Lupus. 24 (2015)
374-381, https://doi.org/10.1177/0961203314559634.

W. van Eden, J. Holoshitz, Z. Nevo, A. Frenkel, A. Klajman, I.R. Cohen, Arthritis
induced by a T-lymphocyte clone that responds to Mycobacterium tuberculosis and
to cartilage proteoglycans, Proc. Natl. Acad. Sci. U. S. A. 82 (15) (1985)
5117-5120, https://doi.org/10.1073/pnas.82.15.5117.

S.B. Chodisetti, P.K. Rai, U. Gowthaman, S. Pahari, J.N. Agrewala, Potential T cell
epitopes of Mycobacterium tuberculosis that can instigate molecular mimicry
against host: implications in autoimmune pathogenesis, BMC Immunol. 13 (2012)
13, https://doi.org/10.1186/1471-2172-13-13.

L. Campisi, G. Barbet, Y. Ding, E. Esplugues, R.A. Flavell, J.M. Blander, Apoptosis
in response to microbial infection induces autoreactive TH17 cells, Nat. Immunol.
17 (9) (2016) 1084-1092, https://doi.org/10.1038/ni.3512.

0. Elkayam, D. Bendayan, R. Segal, Y. Shapira, B. Gilburd, S. Reuter, N. Agmon-
Levin, Y. Shoenfeld, The effect of anti-tuberculosis treatment on levels of anti-
phospholipid and anti-neutrophil cytoplasmatic antibodies in patients with active

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Clinical Immunology xxx (xxxx) XXX

tuberculosis, Rheumatol. Int. 33 (2013) 949-953, https://doi.org/10.1038/
ni.3512.

P. Kakumanu, H. Yamagata, E.S. Sobel, W.H. Reeves, E.K. Chan, M. Satoh, Patients
with pulmonary tuberculosis are frequently positive for anti-cyclic citrullinated
peptide antibodies, but their sera also react with unmodified arginine-containing
peptide, Arthritis Rheum. 58 (6) (2008) 15761581, https://doi.org/10.1002/
art.23514.

D.J. Wahlstrom, B. Persson, H. Duyar, H. Rammensee, S. Stevanovic, A. Eklund,
R. Weissert, J. Grunewald, Identification of HLA-DR-bound peptides presented by
human bronchoalveolar lavage cells in sarcoidosis, J. Clin. Invest. 117 (2007)
3576-3582, https://doi.org/10.1172/JCI32401.

A.A. Starshinova, A.M. Malkova, Yu Zinchenko, N.Y. Basantsova, M.V. Pavlova, E.
N. Belyaeva, S.V. Lapin, A.V. Masing, E.A. Surkova, P.K. Yablonsky, Characteristics
of autoimmune inflammation in the patients with lung tuberculosis, Medical
Immunology. Meditsinskaya Immunologiya 21 (5) (2019) 911-918, https://doi.
org/10.15789/1563-0625-2019-5-911-918.

J.G. Scadding, Mycobacterium tuberculosis in the aetiology of sarcoidosis, J Bmj. 2
(1960) 1617-1623.

1. Brownell, F. Rami1’Rez-Valle, M. Sanchez, S. Prystowsky, Evidence for
mycobacteria in sarcoidosis, J Respir cell mol biol 45 (2011) 899-905, https://doi.
org/10.1165/rcmb.2010-0433TR.

E.S. Chen, J. Wahlstrom, Z. Song, M.H. Willett, M. Wikén, R.C. Yung, E.E. West, J.
F. Mcdyer, Y. Zhang, A. Eklund, J. Grunewald, D.R. Moller, T cell responses to
mycobacterial catalase-peroxidase profile a pathogenic antigen in systemic
sarcoidosis, J. Immunol. 181 (12) (2008) 8784-8796, https://doi.org/10.4049/
jimmunol.181.12.8784.

G. Tchernev, Ananiev, J.C. Cardoso, U. Wollina, S.B. Verma, J.W. Patterson, L.
A. Dourmishev, M. Tronnier, H. Okamoto, K. Mizuno, N. Kanazawa, M. Gulubova,
1. Manolova, C. Salaro, Sarcoidosis and molecular mimicry-important
etiopathogenetic aspects: current state and future directions, J Wien klin
wochenschr. 124 (7-8) (2012) 227-238, https://doi.org/10.1007/s00508-012-
0154-9.

A. Garg, P.F. Barnes, A. Porgador, S. Roy, S. Wu, J.S. Nanda, D.E. Griffith, W.

M. Girard, N. Rawal, S. Shetty, R. Vankayalapati, Vimentin expressed on
mycobacterium tuberculosis-infected human monocytes is involved in binding to
the NKp46 receptor, J. Immunol. 177 (9) (2006) 6192-6198, https://doi.org/
10.4049/jimmunol.177.9.6192.

P. Mahesh, R. Retnakumar, S. Mundayoor, Downregulation of vimentin in
macrophages infected with live Mycobacterium tuberculosis is mediated by Reactive
Oxygen Species, Sci. Rep. 6 (2016) 21526, https://doi.org/10.1038/srep21526.
A. Saussine, A. Tazi, S. Feuillet, M. Rybojad, C. Juillard, A. Bergeron, V. Dessirier,
F. Bouhidel, A. Janin, A. Bensussan, M. Bagot, J.D. Bouaziz, Active chronic
sarcoidosis is characterized by increased transitional blood B cells, increased I1-10-
producing regulatory B cells and high BAFF levels, PLoS One 7 (8) (2012), e43588,
https://doi.org/10.1371/journal.pone.0043588.

N.S. Lee, L. Barber, S.M. Akula, G. Sigounas, Y.P. Kataria, S. Arce, Disturbed
homeostasis and multiple signaling defects in the peripheral blood B-cell
compartment of patients with severe chronic sarcoidosis, Clin. Vaccine Immunol.
18 (8) (2011) 1306-1316, https://doi.org/10.1128/CVI.05118-11.

S.B. Fazel, S.E. Howie, A.S. Krajewski, D. Lamb, B lymphocyte accumulations in
human pulmonary sarcoidosis, Thorax. 47 (11) (1992) 964-967, https://doi.org/
10.1136/thx.47.11.964.

L.S. Kamphuis, M.C. van Zelm, K.H. Lam, G.F. Rimmelzwaan, G.S. Baarsma, W.
A. Dik, H.B. Thio, P.L. van Daele, M.E. van Velthoven, M.R. Batstra, P.M. van
Hagen, J.A. van Laar, Perigranuloma localization and abnormal maturation of B
cells: emerging key players in sarcoidosis? Am J Respir Crit Care Med 187 (4)
(2013) 406-416, https://doi.org/10.1164/rcem.201206-10240C, 15.

C.H. Hinze, R.A. Colbert, B-cell depletion in Wegener’s granulomatosis, Clin. Rev.
Allergy Immunol. 34 (2008) 327-379, https://doi.org/10.1007/512016-007-8057-
7.

B. Nakken, L.A. Munthe, Y.T. Konttinen, A.K. Sandberg, Z. Szekanecz, P. Alex,

P. Szodoray, B-cells and their targeting in rheumatoid arthritis: current concepts
and future perspectives, Autoimmun. Rev. 11 (2011) 28-34, https://doi.org/
10.1016/j.autrev.2011.06.010.

A. Belkhou, R. Younsi, I. Bouchti, S. Hassani, Rituximab as a treatment alternative
in sarcoidosis, Joint Bone Spine. 75 (2008) 511-512, https://doi.org/10.1016/j.
jbspin.2008.01.025.

R. Bomprezzi, S. Pati, C. Chansakul, T. Vollmer, A case of neurosarcoidosis
successfully treated with rituximab, Neurology. 75 (2010) 568-570, https://doi.
org/10.1212/WNL.0b013e3181ec7ff9.

M. Zhang, Z. Wang, M.W. Graner, L. Yang, M. Liao, Q. Yang, J. Gou, Y. Zhu, C. Wu,
H. Liu, B. Zhou, X. Chen, B cell infiltration is associated with the increased IL-17
and IL-22 expression in the lungs of patients with tuberculosis, Cell. Inmunol. 270
(2011) 217-223, https://doi.org/10.1016/j.cellimm.2011.05.009.

M. Gonzalez-Juarrero, O.C. Turner, J. Turner, P. Marietta, J.V. Brooks, .M. Orme,
Temporal and spatial arrangement of lymphocytes within lung granulomas
induced by aerosol infection with Mycobacterium tuberculosis, Infect. Immun. 69
(2001) 1722-1728, https://doi.org/10.1128/IA1.69.3.1722-1728.2001.

W.J. du Plessis, A. Keyser, G. Walzl, A.G. Loxton, Phenotypic analysis of peripheral
B cell populations during Mycobacterium tuberculosis infection and disease,

J. Inflamm. 13 (2016) 23, https://doi.org/10.1186/512950-016-0133-4.

S.V. Khaydukov, L.A. Baydun, A.V. Zurochka, A.A. Totolian, Standardized
technology «Research of lymphocytes subpopulation composition in peripheral
blood using flow cytometry analyzers» (Draft), Meditsinskaya immunologiya (In
Russ) 14 (3) (2012) 255-268, https://doi.org/10.15789/1563-0625-2012-3-255-
268.


https://doi.org/10.5001/omj.2011.53
https://doi.org/10.3389/fimmu.2019.02933
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0015
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0015
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0015
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0015
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0020
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0020
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0020
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0025
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0025
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0025
https://doi.org/10.1093/ije/dyy217
https://doi.org/10.1002/jbm.b.31312
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0040
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0040
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0040
https://doi.org/10.1183/09031936.00002607
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0050
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0050
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0050
https://doi.org/10.1016/j.tube.2004.12.003
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0060
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0060
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0060
https://doi.org/10.1084/jem.20040429
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0070
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0070
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0070
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0070
https://doi.org/10.1007/s00441-016-2526-3
https://doi.org/10.1016/j.it.2016.09.007
https://doi.org/10.1016/j.it.2016.09.007
https://doi.org/10.1177/0961203314559634
https://doi.org/10.1073/pnas.82.15.5117
https://doi.org/10.1186/1471-2172-13-13
https://doi.org/10.1038/ni.3512
https://doi.org/10.1038/ni.3512
https://doi.org/10.1038/ni.3512
https://doi.org/10.1002/art.23514
https://doi.org/10.1002/art.23514
https://doi.org/10.1172/JCI32401
https://doi.org/10.15789/1563-0625-2019-5-911-918
https://doi.org/10.15789/1563-0625-2019-5-911-918
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0125
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0125
https://doi.org/10.1165/rcmb.2010-0433TR
https://doi.org/10.1165/rcmb.2010-0433TR
https://doi.org/10.4049/jimmunol.181.12.8784
https://doi.org/10.4049/jimmunol.181.12.8784
https://doi.org/10.1007/s00508-012-0154-9
https://doi.org/10.1007/s00508-012-0154-9
https://doi.org/10.4049/jimmunol.177.9.6192
https://doi.org/10.4049/jimmunol.177.9.6192
https://doi.org/10.1038/srep21526
https://doi.org/10.1371/journal.pone.0043588
https://doi.org/10.1128/CVI.05118-11
https://doi.org/10.1136/thx.47.11.964
https://doi.org/10.1136/thx.47.11.964
https://doi.org/10.1164/rccm.201206-1024OC
https://doi.org/10.1007/s12016-007-8057-7
https://doi.org/10.1007/s12016-007-8057-7
https://doi.org/10.1016/j.autrev.2011.06.010
https://doi.org/10.1016/j.autrev.2011.06.010
https://doi.org/10.1016/j.jbspin.2008.01.025
https://doi.org/10.1016/j.jbspin.2008.01.025
https://doi.org/10.1212/WNL.0b013e3181ec7ff9
https://doi.org/10.1212/WNL.0b013e3181ec7ff9
https://doi.org/10.1016/j.cellimm.2011.05.009
https://doi.org/10.1128/IAI.69.3.1722-1728.2001
https://doi.org/10.1186/s12950-016-0133-4
https://doi.org/10.15789/1563-0625-2012-3-255-268
https://doi.org/10.15789/1563-0625-2012-3-255-268

A. Malkova et al.

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

1.V. Kudryavtsev, A.L. Subbotovskaya, Experience in measuring the parameters of
the immune status using six-color cytofluorimetric analysis, Meditsinskaya
immunologiya = Medical Immunology (In Russ) 17 (1) (2015) 19-26, https://doi.
org/10.15789/1563-0625-2015-1-19-26.

A. Musaelyan, S. Lapin, V. Nazarov, O. Tkachenko, B. Gilburd, A. Mazing,

L. Mikhailova, Y. Shoenfeld, Vimentin as antigenic target in autoimmunity: a
comprehensive review, J Autoimmun rev. 17 (9) (2018) 926-934, https://doi.org/
10.1016/j.autrev.2018.04.004.

G. Valesini, M.C. Gerardi, C. Iannuccelli, V.A. Pacucci, M. Pendolino, Y. Shoenfeld,
Review citrullination and autoimmunity, J Autoimmun rev. 14 (6) (2015)
490-497, https://doi.org/10.1016/j.autrev.2015.01.013.

L. Klareskog, A.I. Catrina, Lungs and citrullination, Nat. Rev. Rheumatol. 11 (5)
(2015) 261-262, https://doi.org/10.1038/nrrheum.2015.38.

B. Gyorgy, E. Toth, E. Tarcsa, A. Falus, E.I. Buzas, Citrullination: a posttranslational
modification in health and disease, Int. J. Biochem. Cell Biol. 38 (2006)
1662-1677, https://doi.org/10.1016/j.biocel.2006.03.008.

F. Pratesi, E. Petit Teixeira, J. Sidney, L. Michou, I. Puxeddu, A. Sette, F. Cornelis,
P. Migliorini, HLA shared epitope and ACPA: just a marker or an active player?
Autoimmun. Rev. 12 (2013) 1182-1187, https://doi.org/10.1016/j.
autrev.2013.08.002.

M.K. O’Shea, R. Tanner, J. Miiller, S.A. Harris, D. Wright, L. Stockdale,

H. McShane, Immunological correlates of mycobacterial growth inhibition describe
a spectrum of tuberculosis infection, Sci. Rep. 8 (1) (2018).

A. Palanichamy, J. Barnard, B. Zheng, T. Owen, T. Quach, C. Wei, R.J. Looney,
1. Sanz, J.H. Anolik, Novel human transitional B cell populations revealed by B cell
depletion therapy, J. Immunol. 182 (2009) 5982-5993, https://doi.org/10.4049/
jimmunol.0801859.

P.A. Blair, L.Y. Norena, F. Flores-Borja, D.J. Rawlings, D.A. Isenberg, M.

R. Ehrenstein, C. Mauri, CD19(1)CD24(hi)CD38(hi) B cells exhibit regulatory
capacity in healthy individuals but are functionally impaired in systemic Lupus
Erythematosus patients, Immunity. 32 (2010) 129-140, https://doi.org/10.1016/j.
immuni.2009.11.009.

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Clinical Immunology xxx (xxxx) XXX

S. Fillatreau, C.H. Sweenie, M.J. McGeachy, D. Gray, S.M. Anderton, B cells
regulate autoimmunity by provision of IL-10, Nat. Immunol. 3 (10) (2002)
944-950, https://doi.org/10.1038/ni833.

F. Flores-Borja, A. Bosma, D. Ng, V. Reddy, M.R. Ehrenstein, D.A. Isenberg,

C. Mauri, CD19+CD24hiCD38hi B cells maintain regulatory T cells while limiting
TH1 and TH17 differentiation, Sci Transl Med 5 (173) (2013), https://doi.org/
10.1126/scitranslmed.3005407, 173ra23. 20.

Q. Simon, J.-O. Pers, D. Cornec, L. Le Pottier, R.A. Mageed, S. Hillion, In-depth
characterization of CD24 high CD38 high transitional human B cells reveals
different regulatory profiles, J. Allergy Clin. Inmunol. 137 (5) (2016) 1577-1584,
https://doi.org/10.1016/j.jaci.2015.09.014.

S.E. Burastero, P. Casali, R.L. Wilder, A.L. Notkins, Monoreactive high affinity and
polyreactive low affinity rheumatoid factors are produced by CD5+ B cells from
patients with rheumatoid arthritis, J. Exp. Med. 168 (1988) 1979-1992, https://
doi.org/10.1084/jem.168.6.1979.

M. Dauphinée, Z. Tovar, N. Talal, B cells expressing CD5 are increased in Sjogren’s
syndrome, Arthritis Rheum. 31 (1988) 642-647, https://doi.org/10.1002/
art.1780310509.

A.B. Kantor, L.A. Herzenberg, Origin of murine B cell lineages, Annu. Rev.
Immunol. 11 (1993) 501-538, https://doi.org/10.1146/annurev.
iy.11.040193.002441.

S. Fillatreau, C.H. Sweenie, M.J. McGeachy, D. Gray, S.M. Anderton, B cells
regulate autoimmunity by provision of IL-10, Nat. Immunol. 3 (10) (2002)
944-950, https://doi.org/10.1038/ni833.

G.P. Sims, R. Ettinger, Y. Shirota, C.H. Yarboro, G.G. Illei, P.E. Lipsky,
Identification and characterization of circulating human transitional B cells, Blood.
105 (2005) 4390-4398, https://doi.org/10.1182/blood-2004-11-4284.

U.P. Youino, Y. Renaudineau, The paradox of CD5-expressing B cells in systemic
lupus erythematosus, Autoimmun. Rev. 7 (2) (2007) 149-154, https://doi.org/
10.1016/j.autrev.2007.02.016.

M. Zhang, X. Zheng, J. Zhang, Y. Zhu, X. Zhu, H. Liu, M. Zeng, M.W. Graner,

B. Zhou, X. Chen, CD19+CD1d+CD5+ B cell frequencies are increased in patients
with tuberculosis and suppress Th17 responses, Cell. Immunol. 274 (1-2) (2012)
89-97, https://doi.org/10.1016/j.cellimm.2012.01.007.


https://doi.org/10.15789/1563-0625-2015-1-19-26
https://doi.org/10.15789/1563-0625-2015-1-19-26
https://doi.org/10.1016/j.autrev.2018.04.004
https://doi.org/10.1016/j.autrev.2018.04.004
https://doi.org/10.1016/j.autrev.2015.01.013
https://doi.org/10.1038/nrrheum.2015.38
https://doi.org/10.1016/j.biocel.2006.03.008
https://doi.org/10.1016/j.autrev.2013.08.002
https://doi.org/10.1016/j.autrev.2013.08.002
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0245
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0245
http://refhub.elsevier.com/S1521-6616(21)00061-9/rf0245
https://doi.org/10.4049/jimmunol.0801859
https://doi.org/10.4049/jimmunol.0801859
https://doi.org/10.1016/j.immuni.2009.11.009
https://doi.org/10.1016/j.immuni.2009.11.009
https://doi.org/10.1038/ni833
https://doi.org/10.1126/scitranslmed.3005407
https://doi.org/10.1126/scitranslmed.3005407
https://doi.org/10.1016/j.jaci.2015.09.014
https://doi.org/10.1084/jem.168.6.1979
https://doi.org/10.1084/jem.168.6.1979
https://doi.org/10.1002/art.1780310509
https://doi.org/10.1002/art.1780310509
https://doi.org/10.1146/annurev.iy.11.040193.002441
https://doi.org/10.1146/annurev.iy.11.040193.002441
https://doi.org/10.1038/ni833
https://doi.org/10.1182/blood-2004-11-4284
https://doi.org/10.1016/j.autrev.2007.02.016
https://doi.org/10.1016/j.autrev.2007.02.016
https://doi.org/10.1016/j.cellimm.2012.01.007

	New laboratory criteria of the autoimmune inflammation in pulmonary sarcoidosis and tuberculosis
	1 Introduction
	2 Materials of the study
	3 Methods of the study
	3.1 The antibodies level studies
	3.2 Immunotyping
	3.3 Statistical processing of results

	4 Results
	4.1 Testing the level of antibodies to modified citrullinated vimentin
	4.2 Immunophenotyping tests
	4.2.1 “Naive” IgD ​± ​CD27– B-cells
	4.2.2 IgD–CD27+ memory B-cells
	4.2.3 CD24+++CD38+++ B-cells
	4.2.4 CD5 ​± ​CD27- B cells


	5 Discussion
	6 Conclusion
	Ethics approval and consent to participate
	Consent for publication
	Availability of data and material
	Funding
	Declaration of Competing Interest
	Acknowledgments
	References


